CHAPTER 8.
Advanced Topics

SangJoon Shin
School of Mechanical and Aerospace Engineering
Seoul National University

Active Aeroelasticity and Rotorcraft Lab.




8. Advanced Topics

< Interlaminar Stresses due to Free Edges

Ref. { Pipes & Pagano, J.composite Mat"|, Oct 1970. p,538
Jones book, Chap.4 p,210

Consider [145]. angle-ply laminate under simple tension o,

0

o
A _—— +45
_45
> y +45
_45
\l/\l/')':l/\l/ao For each ply, have
cg=Q¢

Material Properties

E, =20.0 Msi, E, =2.1 Msi,
G, =.85Msi, v,=.21, t,=0.005

201 44 O
Q=|.44 211 0 [x10° (Ibs/in?)
0 0 .85

~
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Using transformation Q=T'QT, , get

6.63 4.92 4.50
c§45= 492 6.63 4.50|x10°
450 450 5.33

§_45 — same with Q = Q,; =—4.50x10°

Laminate stiffness A= Z Q" (Zu— 1)

N 1325 0983 O g’

N, +=|.0983 1325 0 |ig° tx10°
N,, 0 0 .1066]|c,

For problem, N, =aoh, Ny =N, =0
Inverting gives

e’| [168 -124 0 J(o,h 16.8
e’b=|-124 168 0 |{ 0 ;x10°=1{-12.4!c,hx10°
£ 0 0 938[|0 0
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<« L >
1 : _ y _
<1 ! — Ul aminate = < 0o 14

original

Stresses in Top ply +45°are

o, 6.63 4.92 450|( 16.8 50.3
o, =492 6.63 450 <-124,0,h=¢ 0 (oyh
Ty 450 450 5.33 0 19.8

since h=4(.005) =.020

1.000,
=4 0
3960,

«—— Note big shear stress
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Look @ top ply element dx 7
g y
dx
¥ 7, =0
(free edge)
(N
4 —
v /) x
4 7

To balance 7, > M, =0, must have 7,, develop on the interface
Similarly consider [0/90], cross-ply laminate under tension Oy

/\

Would obtain (6, =18110,
o
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Look @ top ply element 7

%
Gy
&
< o, =0

(free edge)

"0 Wi

zy z
For Z F, =0, must have 7, develop
For ZMXO =0, must have O, develop, but J.O'Zdy =0
Ty, T2y, 0, =“Interlaminar stresses”, Develop on z face

0,0, Ty = In-plane stresses

Note : For [+8], = only 7, develops

For [0/90], — only Ty 92
For general combination, all 3 interlaminar stresses present

Must use 3-D Elasticity to solve complete problem.
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s 3-Dim, Solution
Ref. Pipes & Pagano, J. Composite Mat"|, Oct 1970. p,583~
consider [145], laminate under tension &°

For each ply,

Ox Chu Cp G Cie Ex
%y Co Cp Cy Cos | |
O, _|Gs Cp Gy Css | ) &

X "= 3 >
sz C44 Y zy
T C55 Y ax
Ty LCGs Ca Cae Coo | | 7y J

Rotated stiffness matrix about z-axis
(depends on 9 constraints only —orthotropic)
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Strain-Displacement

ou GW 61/
& =— 7/zy
ox 5}’ E4
oV oW ou
8y = Vox = ~ 1t
oy OX 0Oz
oW au av
&, =— Yy =
oz 5)’ x
Displacement pattern is u=kx+U(y,2z)
“’TTZ o, v=V(y,X)

7 g
X From symmetry, no x dependence of stresses

Stresses found as,
O-x = Cllgx + C12‘c"y + C1382 + C167/xy

ou ov ou
=Cy—+1C,—1C (

ox 2oy Eax

=c,K+c,V, +¢e W, +c U,

=)
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Similarly,

o, =C,K+C,V, +C W, +C,U |
Z-yz = C44 (V,z +W,y) + C45 (\N,x +U,z)

Placing into Equilibrium Eqns

&Z’y 8Tyx 07,

+ + + =0

M oy oz P

QT&#@O-V +aTZy +p =0
oz N

no body force

Equations reduce to

L Ly Ly][U
L, L, L23 V=0

L, Ly LW

N

symmetric
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0? 0?

Where, Lll = C66 Tayz_'_c%ﬁ
0? 0?

L, =Cy 28y2 +Cys 2072

62
L13 = (C36 + C45)@

6™ order set of Differential Equations
Solve by Finite Difference (like CFD)

1
Z 2
b e plate 7
: — — == interface Used up to 400 points
h

Boundary conditions
on Top face — 7x =0, 7,y =0, 0, =0
on interface — 7zx, Tz, 07, UV,W continuous
at sideface —r,=0, o,=0, r,=0

@ z=0 — symmetry, ] =0, a_v: 0, w=0
0z 0z
@ Y=0 _, symmetry, u=0, v=0, %: 0
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Numerical solution by computer

Input=K=a—u=g

ox 2

¥ Enters from B.C.” s
o,=0 @ sideface
o,=0 @ top and interface

Results - [£45]

stress

Oy

ylb

y/b
Ay

_/ Boundary layer develops
(Ay <h)

Active Aeroelasticity and Rotorcraft Lab.



8. Advanced Topics

< Interlaminar stresses due to Bending

Consider a symmetric laminate in Bending (B=0, ¢&" =0)

Z A Layers would slide if not glued together

——

X

- _"x develops (same as beam theory)
—

@ any section X

=0 X—3 h
T — 1|2

TZ— QX _I_h TXZ dZ
| Xz 2

=7 To obtain 7« , go to Equilibrium Equation
;: ot
ao-x + yX +8sz + px :0
ox oy 0z

0Ty (00, Q7 X

0z _Gx_é} N
f X 0

Main contribution Small
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Placing into Equilibrium Equation & Integrating,

0T, w0, =
j —2dz() -] —(2Qudy M,)dz

0 —_[ zQ, dll@ﬁdz

2

= Z
sz(zuk) - sz(zlk) = _dll Qx QIII?

Integrating gives

Zyk

Z)

sz(zlk) = sz(zuk) + dll Qx Qll(l (Zuk2 - ZIk2) / 2

Start at tip where 7,(h/2)=0
And work down.
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/ T

’ ZX

Similarly do for Ty distribution

Interlaminar stresses due to bending — everywhere in plate

Interlaminar stresses due to free edges — boundary layer near edges
Z

FT 2y For free edges

T

X X

only here 7

I .
< |~ O can be different
— ﬁ_)— r
T, —<—|f|—>_ zy Must be the same

must be

The same
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e Introduction

 Micromechanics

* Ply Elasticity (orthotropic)

 Laminate Theory

* Failure

 Bending of Plate

« Thermal Stresses

« Advanced — Interlaminar stresses
-Composites generally
-Deal in design
-Physical parameters
-Organization — Computer program




8. Advanced Topics

/7

s Many current problems

Failure, Fracture, holes

Cracking, Delamination, Fiber Breaking
Impact, Thermal stresses
Environmental Degradation

Buckling of the plates, Large deflections

16.26 Heating Effects (McManus)
16.251 Longevity (Lagace)

16.295 Failure of Composites (Spearing)
16.29 Seminar (current work)

16.230 Plates & shells
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